Introduction and background
Oral anticoagulant (OAC) therapy is key in the management of most patients with atrial fi brillation (AF) [1] . Antithrombotic therapy is recommended in non-valvular AF patients with one or more risk factors for thromboembolism, according to the CHA 2 DS 2 -VASc score [1] . Current therapeutic options include OAC therapy with either a well-controlled vitamin K antagonist (VKA with an international normalised ratio [INR] 2-3) or one of the non-vitamin K antagonist oral anticoagulants (NOACs) [1] . For over 60 years VKAs have been the only available agents for long-term anticoagulation, and warfarin has been the most widely used [2] . VKAs exert their anticoagulant effect by interfering with the synthesis of the vitamin K-dependent coagulation factors, inhibiting the vitamin K epoxide reductase complex subunit 1 (VKORC1) in the liver [2, 3] . The effectiveness of VKA anticoagulation is strictly related both to the degree of anticoagulation achieved (assessed by the INR value) and the time in therapeutic range (TTR), as well as treatment duration.
Warfarin is metabolized in the liver by a group of enzymes encoded by the cytochrome P450 (CYP) 2C9 gene, largely responsible for its hepatic metabolism [3] . Such pharmacokinetic properties account for the long-standing observation that doses required to exert the anticoagulant effect are highly variable from patient to patient. The variety of enzymes involved and, at least in part, polymorphisms in the CYP2C9 and VKORC1 genes, play a role in affecting the pharmacokinetics and pharmacodynamics of warfarin, with a resulting highly variable clinical response [4, 5] . In addition, because CYP2C9 is involved in a large number of metabolic pathways, many foods and drugs can affect warfarin metabolism and half-life. All these characteristics explain the narrow therapeutic window of warfarin, with oscillations between the risk of thromboembolism in case of insuffi cient dosing and the risk of bleeding in case of excessive dosing. This has prompted the search for non-vitamin K antagonist oral anticoagulants (NOACs), with a more predictable anticoagulation profi le [3] . NOACs have indeed recently emerged as an alternative for VKAs for thromboembolic prevention in patients with non-valvular AF, because of their more predictable effect, no need for routine monitoring, no food and fewer drug interactions, a shorter plasma half-life, and improved effi cacy/safety ratio [6] . Among the NOACs, dabigatran is an oral direct, competitive thrombin inhibitor, ingested as a pro-drug (dabigatran etexilate), and then activated to dabigatran by intestinal and serum esterases [6] . Dabigatran is not metabolized by the CYP P450 enzymes or other oxidoreductases, while it is a substrate for P-glycoprotein, and is almost entirely excreted renally [7] . Dabigatran 150 mg twice daily (BID) was associated with lower rates of stroke or systemic embolism compared with warfarin in the RE-LY study; while dabigatran 110 mg BID was associated with rates of stroke and systemic embolism similar to warfarin, but with lower rates of major bleeding [8] .
Case presentation
A 78-year-old woman with a history of ischemic heart disease was admitted to the Emergency Department of the Chieti University Hospital because of the sudden onset of shortness of breath during the night. Three years before, the patient had had an ST-elevation acute myocardial infarction (STEMI) without obstructive coronary disease documented at coronary angiography. Because of this, she had received dual antiplatelet therapy with aspirin 100 mg/day and clopidogrel 75 mg/day for one year. Because of the subsequent occurrence of permanent bradycardic AF requiring pacemaker implantation, she was currently being treated with the oral anticoagulant warfarin alone. Her blood pressure was 130/80 mmHg and her heart rate was 96 beats per minute. Her pulse was irregular. Electrocardiographic fi ndings demonstrated AF, and were suggestive of left ventricular hypertrophy. The pulmonary auscultation revealed crackles at both lung bases, and a chest X-ray confi rmed the suspicion of pulmonary congestion. Laboratory testing showed mild leucocytosis with increased neutrophil count, mild hypokalaemia, signifi cantly elevated plasma levels of the N-terminal fragment of brain natriuretic peptide (NT-proBNP) (7774 pg/ mL, normal values for women ≥75 years old: <300 pg/mL) and a mild elevation in troponin I (0.105 ng/mL, normal range: <0.045 ng/mL). The INR was 3.64, and all previous INR values available were in the therapeutic range. The by a dissection of the left subclavian artery, prompting a percutaneous transluminal balloon angioplasty (PTA) with implantation of a bare metal stent. An early in-stent thrombosis a few hours later led to a new interventional procedure with thrombus aspiration and a subclavian artery PTA, with the implantation of 2 new overlapping bare metal stents (6 mm × 80 mm and 6 mm × 59 mm). Despite this, a new thrombotic occlusion in the subclavian artery occurring 4 h later led to the amputation of arm. A control TTE showed the disappearance of the left atrial mass, but a transoesofageal echocardiography (TOE) documented the persisting presence of thrombi in the left atrial appendage, with diffuse smoke-like effect, and also showed the persistence of the left atrial thrombotic mass, although of a reduced size compared with the previous examination (Fig. 2) . At that point, warfarin was discontinued, and dabigatran 150 mg BID started. After 1 week, a pre-discharge TOE showed a reduction of the atrial thrombosis. A 1-month post-discharge TOE showed a complete resolution of the left atrial thrombosis (Fig. 3) .
Discussion
Resistance to the anticoagulant effect of warfarin (warfarin resistance) is a rare phenomenon, and most of the related literature consists of case reports. Resistance to warfarin has been described as the inability of warfarin CHA 2 DS 2 -VASc score was 6 (1 point for heart failure, 1 for hypertension, 2 points for age >75, 1 point for female sex, and 1 point for a coexisting carotid vascular disease and the previous STEMI). A transthoracic echocardiography (TTE) showed left ventricular dilatation and a severe reduction in systolic function (ejection fraction, EF, 35%). An unexpected echogenic pedunculated mass was observed in the left atrium, adherent to the interatrial septum, with echogenic characteristics of a fresh thrombus (Fig.  1) . Because of the high INR value, a decision was taken to delay the treatment, not administering any additional anticoagulant. Twelve hours later, the patient suddenly complained of acute pain in the left arm, accompanied by paleness and coldness of the arm in the absence of radial or ulnar pulses. Colour-Doppler echography of the left arm documented the absence of blood fl ow in the humeral artery and downstream, supporting the diagnosis of acute peripheral embolism. The thrombosis of the humeral artery was rapidly and successfully treated with a Fogarty catheter embolectomy. Anticoagulation therapy with a low-molecular weight heparin (LMWH, parnaparin 0.6 mL = 6400 international units twice daily [BID]) was started soon after surgical procedure. However, within the fi rst hour after the procedure, a recurrence of pain in the left arm occurred, caused by a new thromboembolic event. This was again treated with embolectomy. At this point, a humeral-to-radial graft was positioned. The surgical intervention was, however, complicated to prolong the prothrombin time or to increase the INR to within the therapeutic range [9] . Warfarin resistance may develop as a result of non-compliance, the exogenous consumption of vitamin K, or the concurrent administration of other drugs known to interfere negatively with warfarin effects [10] . The cause of this resistance can, however, also be genetic, and related to how the body processes warfarin. In this context, 2 different types of warfarin resistance can be identifi ed: complete and incomplete. Subjects with complete warfarin resistance cannot achieve the therapeutic INR in response to warfarin treatment despite the use of even large doses. Subjects with incomplete warfarin resistance, conversely, can achieve the target INR with the use of doses of warfarin higher than normal subjects. Subjects with complete warfarin resistance do not respond at all to the drug. Most subjects with incomplete warfarin resistance -the vast majority of cases -rapidly metabolize warfarin, so that the drug is quickly eliminated. These individuals are classifi ed as "fast metabolizers" or "rapid metabolizers". The severity of these abnormalities determines whether warfarin resistance is complete or incomplete. Single nucleotide polymorphisms (SNPs) in the VKORC subunit 1 (VKORC1), one of the warfarin target enzymes, have been shown to be associated with the dose of warfarin required to achieve a target INR value [11] ; also, genetic variants of CYPP450 have been shown to affect warfarin dose requirements [12] .
Since our patient had INR values in the target range, this was not actually a case of warfarin resistance, as defi ned by coagulation tests. In such a case, warfarin did not provide a clinically successful thrombosis prevention -a condition to be labelled "therapeutic failure". Such an occurrence is described for patients with the antiphospholipid antibody syndrome (APS), whereby the presence of a lupus anticoagulant can infl uence results of the prothrombin time and lead to an elevated INR that does not refl ect the true level of anticoagulation [13] , resulting in a falsely adequate anticoagulation. A small randomized clinical trial has also shown that high-intensity warfarin (INR range 3.0-4.5) was not superior to standard treatment (INR 2.0-3.0) in preventing recurrent thrombosis in such patients [14, 15] , pointing out that other mechanisms, not recognizable by conventional anticoagulation markers, are here responsible for the tendency to thrombosis. Currently available data suggest that also in patients with malignancies, the use of VKAs is associated with incidences of thrombotic and bleeding complications higher than in patients without malignancies, despite INR values in the therapeutic range [16] . In this setting, a NOAC, either an oral direct thrombin inhibitor or one of the oral direct factor Xa inhibitors, with their more predictable anticoagulant responses, may be a better treatment option [13] .
Previous studies have suggested that left atrial thrombosis in patients receiving warfarin is still present by TOE in 8% of cases despite optimal INR control during the previous 3 weeks [17] , and that prolongation of warfarin treatment beyond 7 weeks results in limited additional benefi t in terms of thrombus resolution compared to 7-week anticoagulation [18] . There is also increasing evidence that VKAs have a poor capacity to resolve large masses of intracardiac thrombi [19] , that thrombi in the left atrial appendage persist in up to 40% of patients under VKA treatment, and that they are associated with a poor prognosis [20] .
In the case reported here, we also found the rare presentation of left atrial thrombosis outside of the left atrial appendage in the absence of organic mitral valve disease of considerable interest. Indeed, most literature reports of giant atrial thrombi outside of the left atrial appendage are mostly concomitant with the presence of a giant left atrium in the presence of mitral stenosis (reviewed in [21] ). Moreover, we excluded both the presence of an APS and of malignancies in our patient, but we hypothesized some analogous mechanism here occurring. Because of this, we attempted an anticoagulation strategy with dabigatran, which, by acting on thrombin activity, at the level of the fi nal enzyme of the coagulation cascade, could halt the recurrences of arterial thromboembolism, and also eventually achieve the result of dissolving the previously persisting intracardiac thrombotic mass.
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